The fear conditioning in rodents provides a valuable translational tool to investigate the neural basis of learning and memory and potentially the neurobiology of post-traumatic stress disorder (PTSD). Neurobiological changes induced by fear conditioning have largely been examined ex vivo while progressive 'real-time' changes in vivo remain under-explored. Single voxel proton magnetic resonance spectroscopy ( 1 H MRS) of the hippocampus, cingulate cortex and thalamus of adult male C57BL/6N mice (N¼ 12) was performed at 1 day before, 1 day and 1 week after, fear conditioning training using a 7T scanner. N-acetylaspartate (NAA), a marker for neuronal integrity and viability, significantly decreased in the hippocampus at 1 day and 1 week post-conditioning. Significant NAA reduction was also observed in the cingulate cortex at 1 day post-conditioning. These findings of hippocampal NAA decrease indicate reduced neuronal dysfunction and/or neuronal integrity, contributing to the traumarelated PTSD-like symptoms. The neurochemical changes characterized by 1 H MRS can shed light on the biochemical mechanisms of learning and memory. Moreover, such information can potentially facilitate prompt intervention for patients with psychiatric disorders.
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Introduction
Post-traumatic stress disorder (PTSD) is a highly prevalent and severe anxiety disorder triggered when a vulnerable individual experiences a highly traumatic event. In the past decade, a number of neuroimaging techniques have been employed to investigate the underlying functional and structural brain abnormalities in PTSD patients (Rauch and Shin, 1997; Hull, 2002; Hughes and Shin, 2011) . In general, the findings include hyper-responsivity of amygdala (Rauch et al., 2003) , hypofunction of anterior cingulate (Shin et al., 2001) , and hippocampal dysfunction and volume reduction (Bremner et al., 2003; Shin et al., 2004) in patients with PTSD compared to healthy controls.
Proton magnetic resonance spectroscopy ( 1 H MRS) is a noninvasive method used to assess metabolic changes in living brain and provides biochemical clue to underlying neural pathology, even when morphological changes are not apparent. Previously, 1 H MRS has been used to evaluate the neurochemical changes in hippocampus and anterior cingulate cortex in PTSD patients (Mahmutyazicioglu et al., 2005; Karl and Werner, 2010) . A reduction of the neuronal marker N-acetylaspartate (NAA) in terms of a lower NAA/creatine ratio or NAA concentration in hippocampus has been reported in patients with PTSD both with and without hippocampal volume changes compared to healthy control subjects (Schuff et al., 1997 (Schuff et al., , 2001 Villarreal et al., 2002) . Decreased NAA level has also been reported in the anterior cingulate cortex of subjects with PTSD. However, these changes were mainly observed in the chronic stage of disorder and compared to control groups. The pathological mechanisms of PTSD are still poorly understood. In particular, the acute changes occurring following trauma exposure and development of PTSD cannot easily be captured due to its complexity and diversity in humans (Liberzon and Martis, 2006) . Therefore, animal models are indispensable in understanding the basic mechanisms of this disorder (Cohen and Richter-Levin, 2009 ). The fear conditioning paradigm involves the learned association of an initially neutral conditioned stimulus (CS), such as a tone or light, with an aversive unconditioned stimulus (US), usually footshock. After a few such parings, the CS alone comes to elicit physiological and behavioral fear reactions. Because fear 
